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SECTION  I 


INTRODUCTION 


Current  USAE  Bomb  Damage  Repair  (BDR)  procedures  require 
the  use  of  debris  backfill  followed  by  a 1-foot  base  course 
of  seLect  fill  and  a surfacing  of  AM- 2 mat  to  complete  ex- 
pedient repairs  to  bomb  cratered  runways.  This  select  fill 
serves  two  purposes.  First,  ic  reduces  the  stresses  developer 
in  the  debris  backfill.  Additionally,  it  protects  the  AM-2 
landing  mat  panels  from  puncture’  and  damage  from  pavement 
fragments  and  slabs  in  the  debris  backfill. 

Current  regulations  provide  no  guidance  on  the  accept- 
ability of  different  materials  as  select  fill,  and  the 
present  requirement  for  a 1-foot  thickness  of  select  fill  is 
based  on  very  limited  testing.  The  purpose  of  this  import 
is  to  review  available  information  from  past  tests  and  to 
develop  tentative  guidelines  for  acceptable  select  fill 
materials  and  the  required  select  fill  thickness  over  debris 
subgrades . 
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S1VTI0N  IT 
DHH1US  SU1H’. RAPES 


Following  the  detonation  of  a weapon  in  a pavement 
system , soil  and  pavement  debris  are  ejected  and  deposited 
around  the  crater.  When  this  material  is  used  as  backfill, 
a heterogeneous  mixture  of  soil  at  varying  densities  and 
moisture  contents  results.  This  mixture  may  consist  of  soil 
at  vnrrou:  densities  and  moisture  contents  and  pavement 

fragments  ranging  from  gravel  size  up  to  an  entire  slab. 

Thi'  debris  backfill  is  placed  in  the  crater  without  any 
compact  ion  other  than  front  operation  ol  tracked  dozers  and 
front  front-end  loaders  in  the  backfill  process.  Because  of 
this  equipment's  low  ground  pressure,  it  is  not  very  effec- 
t i vi'  for  convent  ional  compact  ion  but  it  does  serve  to  sli  i ! t 
the  Int  ler  debris  to  more  stable  positions  in  the  backfill. 
The  result  is  a highly  varying  subgrade  of  uncertain  load- 
ca r ry  i n • j capac i t y . 


This  load  carrying  capacity  of  debris  backfill  will 
vary  between  different  locations  and  even  adjacent:  craters. 
Table  1 shows  some  results  of  soil  tests  on  dif  fi rent  debi is 
backfills.  Because  of  the  random  nature  ot  the  backfill, 
the  presence  of  pavement  fragments  and  limitations  of  the 
California  Bearing  Ratio  (CBR)  test  itself  , this  information 
provides  only  an  approximate  measure  ol  the  baekt  ill  stta  ngth 
properties.  Another  measure  may  be  seen  in  figure  1,  where 
plate  load  tests  results  ate  plotted  for  foul  debris  baeklill  . 
Modulus  ot  subgrade  react  ion  (k)  for  these  font  materials 
ranges  from  7 1 to  .141  pet.  The  peculiai  shape  ot  the  curve 
f i om  test  J - 1 may  be  due  to  the  et feet  ot  buried  pieces  of 
; avement  bel  >w  the  plate.  All  ot  these  tests  were  conducted 
on  backfills  .it  relatively  low  moisture  contents,  and  debris  at 
higher  moisture  contents  nuv  perform  more  poorly.  The  hotero- 
leneous  natut.  ot  debris  backfill  and  the  wide  variety  of 
possible  soil  types  muki  election  ot  meaningful  design 
par  imeters  iitticult  and  uncertain.  A large  amount  of  work 
has  been  done  telat  ing  I’l'.R  with  Ian, ling  mat  design,  unsurfaced 
<nl  ope  rat  j >n.  , and  nil  t i a t f i cab  i 1 i ty  ; therefore,  CBR  was 
; elected  i t to  .-.fill  I tide  > | • t ope  i t v . A CBR  ot  font 

was  selected  as  i tepr.  .eut.it  ive  lower  limit  design  value 
lor  most  eon. lit  ion  , as  i a ’MR  vain  ■ of  one  was  selected  tot 
debr  i •:  back  till  -op  • i : ni  ng  : l.ml  u’  soils  at  high  nu  list  lire 


con t .’tit 


Tabic  1.  CBR  OF  VARIOUS  DEBRIS  BACKFILLS 
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Figure  i.  Plate  Load 
on  Debris  Backfills 


SECTION  III 


r 


MATERIAL  REQUIREMENTS 


The  AM-2  landing  mat  was  designed  to  operate  on 
subgrades  with  CBR's  as  low  as  four,  so  material  strength 
requirements  are  not  unduly  restrictive.  The  time  limita- 
tions and  general  emergency  operation  conditions  associated 
with  BDR  ailow  for  only  minimal  compactive  efforts  of  the 
> base  course  and  probably  no  control  over  the  moisture  of  the 

base  course.  With  these  limitations  in  mind,  potential 
materials  can  be  divided  into  two  categories:  natural  soils 

‘ and  crushed  aggregates.  Of  the  natural  soils,  all  clay  and 

silt  soi Is, including  SM  and  SC  soils,  are  unsuitable  because 
! of  difficulty  in  handling  the  materials  and  their  sensitivity 

to  moisture.  Carrol  and  Sutton  (reference  5)  successfully 
used  sand  (SM-SP)  as  a select  fill  material  with  AM-2,  but 
details  of  the  test  are  not  reported.  Little  information 
is  available  on  the  use  of  sand  with  AM-2  mat,  but  if  very 
fine,  silty  sands  are  avoided,  sand  could  be  expected  to 
perform  satisfactorily  as  select  fill  for  the  base  course. 

Uniform-sized  aggregates  offer  several  potential  advan- 
tages including  the  ability  to  gain  density  without  compaction 
by  "raining"  techniques  and  remaining  unaffected  by  moisture. 
Forrest  and  Shugar  (reference  6)  successfully  obtained 
relative  densities  in  excess  of  80  percent  for  a 3/4-inch 
graded  aggregate  and  a 3/8-inch  uniform  aggregate  when 
rained  from  a height  of  40  inches  or  more.  At  heights  of 
fall  below  40  inches,  the  uniform  aggregate  had  higher 
relative  densities  than  the  graded  aggregate  until  at  a zero 
height  of  fall  the  uniform  aggregate's  relative  density  was 
40  percent,  compared  to  the  graded  aggregate's  20  percent. 

In  contrast,  a uniform  sand  never  obtained  densities  in 
excess  of  60  percent  even  from  heights  of  fall  of  60  inches. 

When  model  craters  were  backfilled  by  pushing  3/8-inch 
uniform  aggregate  and  3/4-inch  graded  aggregate  into  the 
crater  from  the  top,  relative  densities  of  30  percent  and  20 
percent  for  uniform  and  graded  aggregate  were  all  that  could 
be  obtained.  These  materials  were  found  to  perform  adequately 
in  this  loose  state  only  if  confined  by  a cap  w;  th  the 
rigidity  equivalent  to  6 inches  of  portland  cement  concrete. 
Results  of  plate  load  tests  on  3/4- inch  qraded  aggregate  at 
65  percent  relative  density,  3/4-inch  graded  aggregate  wit- 
moderate  field  compaction,  and  3/8-inch  uniform  aggregate  at 
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CO  percent  relative  lens it  y are  plotted  in  Figure  2 where  it 
is  apparent  that  anc>  n fined  unit  >rm  a.wregate-  is  unaccept- 
il  It  . Since  AM- 2 mat:  allows  individual  panels  adjacent  to 
th-  loaded  panel  to  rotate  and  clear  the  surface  (reference 
' ’ , f feet i ve  confinement  oi  the  base  tour  • exists , 

use  of  uniform  agqreqates  with  AM-2  is  not  desirable. 

(Vnventional  airfield  pavement  construction  uses  crush* 
dense  graded  aggrt  tate  in  the  base  course  to  provide  high 
stability  and  resistance  to  volume  changes.  In  a PDF.  repa: 
however,  compaction  times  and  moisture  controls  required  to 
pie;  ir*  a ii  i ih  quality,  crushed  aggregate  base  course  are 
not  available.  Tr  be  usable  for  BDR  purposes,  the  aqqr-un:- 
must  be  a!  le  to  obtain  significant  stren.it!.  :nn  when  el  ice-: 
with  minimal  compaction  either  wet  or  It  of  optimum. 

Tablt  2 presents  several  representative  aggregate 
specifications  and  gradations  from  AFM  88-6  -reference  7) 
for  a conventional  airfiel  1 base  course,  from  the  Tyndall 
BDR  field  tests  references  and  1 ) , f i on  t < Eg iin  1 
fiel-i  test  in  1065  (reference  5)  and  t rom  .base  course  nuu  ru- 
gate compaction  studies  at  the  Waterways  Experiment  Station 
(WES)  (reference  8).  The  two  aggreqate  gradations  at  E-tlit 
AEB  wen1  both  tested  in  an  uncompacted  state  with  AM-2. 

Very  little  quantitative  information  was  reported  from  this 
test,  but  E-ilin  No.  1,  from  Table  2,  was  recommended  as  the 
preferred  gradation  (reference  5).  Both  of  the  Tyndall  AEB 
field  tests  used  a 3/4-inch  craded  crushed  aqgreqate  (refer- 
ences i and  4).  Wheti  some  conscientious  effort  was  made  to 
provide  minimal  surface  compaction,  CBRs  av-  raced  47  at  2.  - 

percent  moistur  ' content  and  31  at  2.15  percent  moisture 
content  on  tests  2 and  3C  (reference  4) 1 . Even  thouqh 
moisture  content  was  about  4 percent  below  optimum  and 
compaction  effort  was  limited,  significant  t’BR  values  wor*  • 
obtained  in  comparison  to  the  uncompacted  aggregate  (about  7 
EdR,  see  results  of  test  3C  in  reference  4). 

Vv  S performed  compaction  studies  of  two  base  course 
gradations,  WHS  No.  1 and  No.  2,  in  Table  2,  and  concluded 
that  echos  i on  less , graded,  crushed  aggregate  base  courses 
should  be  placed  and  compacted  at  the  highest  practicable 
water  content.  If  t.h*'  i i ireaate  contained  less  than  10 
percent  material  massing  the  200  sieve,  close  moisture 

rThe  B!'R  compact  i a a W'au-.aw  Model  60  vibratory  compaction 
roller.  Static  rollei  weight , 4000  lb ; rated  i mpac t force , 
26,000  It  ; width,  0 inches;  toilet  diameter  30  inches. 
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Fiquro  2.  Plate  Load  Tests 


control  was  not  necessary,  and  simply  addinq  excess  water  to 
the  surface  was  adequate  (reference  8).  From  the  results 
obtained  at  WES  and  Tyndall  AFB , cohesionless,  graded  crushed 
aggregate  with  less  than  10  percent  passing  the  200  sieve 
would  be  an  acceptable  select  fill  which  would  obtain  the  best 
results  when  placed  wet,  but  which  can  still  provide  accept abl 
strength  characteristics  when  placed  dry. 

Naturally  occurring  gravels  can  be  expected  to  have 
lower  stabilities  than  the  crushed  aggregates,  due  to  their 
rounded  particle  shape.  This  is  in  contrast  to  the  high 
angularity  and  interlock  of  crushed  aggregate  particles. 

These  natural  gravels  are  inferior  to  crushed  aggregate,  but 
if  they  are  within  the  base  course  speci  f ications  or  classified 
as  GW  by  the  unified  soil  class i f icat ion  system,  they  could 
be  used  as  an  emergency  substitute. 
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SECTION  IV 


THICKNESS 


REQUIREMENTS 


I 


Figure  3 shows  the  stress  distribution  for  an  F-4 
loading  calculate  1 from  a Roussinesq  analysis  assuming  a 
homogeneous,  elastic  material  and  from  a finite  element 
analysis  using  nonlinear  material  properties  for  AM-2,  a 
12-inch  thick  crushed  aggregate  base  course  and  debris 
backfill.  Materia]  properties  for  the  finite  element 
analysis  are  poorly  defined  and  a complete  discussion  of 
problems  encountered  with  finite  element  analysis  in  RDR  can 
be  found  in  references  6 , 4 , and  10.  Stress  levels  at  the 
debris  and  base  course  interface  have  been  reduced  to  40  and 
58  psi,  anti  00  percent  of  the  stress  has  been  lissiputed  at 
11  and  17  inches  for  the  finite  element  and  Boassinesg 
analyses,  respectively.  Hokanson  recorded  strain  iistri- 
but ion  using  Risen  induction  strain  gages  as  shown  in  figure 
4 (reference  J) . While  the  theoretical  st ress< s Lie  in  th< 
upper  3 feet  of  the  repair,  Hokanson' s results  indicate  tin- 
bulk  of  the  strain  lies  between  depths  of  25  to  80  inches, 
where  stress  levels  are  low.  The  varying  effects  of  moistur  , 
lens  it y , and  stress  levels  cannot  be  sepai  ited  -'it  in  H :ans  i 1 < > 
results,  but  the  strains  in  the  backfill  arc  not  excessive. 

The  12-inch  select  fill  base  course  and  the  AM-2  art  effect  iv- 
in  reducing  the  surface  stress  by  some  80  percent  at  the 
backfill  and  base  course  interface,  and  strains  within  t lu- 
back  f i 1 1 are  kept  at  relatively  lev  levels. 


Wolf  and  Ulcry  (reference  111  found  that  the  required 
thickness  of  a strengthening  layer  beneath  landing  mats  on 
low  CBR  soi  1 : could  be  .-rvat  ivcly  approximated  by  the 

foil ow i ng  e<  | uat ion: 


wlie  r»  ■ 


t 


urn 


t 

urn 

C 


(0.2875  log  V t 0.1875)  „ = 1 - ' - TR 

o • l L I Iv 

V 

total  thickness  of  s t rengthen  inu  soi  1 un  lei  mat,  in. 
number  o:  coverages 


P sin  1 1 - or  equivalent  single-wheel  load,  lb 

'HR  California  Hearing  Ratio 
A Tin  ci  ui  • act  m-a,  in 

TR  Mat  th  ickne.;..  reduction,  in.  (empirical,  - f bum  rl 


DEPTH  (in) 


AM-2 


Fiqure  3.  Calculated  Stress 
Distribution  (Reference  9) 
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Figure  5.  Thickness  Reduction  Curves 
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This  equation  was  developed  t rom  field  tests  of  sect 
with  i clay  (CH)  subgrade  with  1. 3 to  3.7  CBRs  and  with  a 
clay  (CH)  strengthenin')  layer  of  varyinq  thicknesses  of  3.0 
to  H.u  ’HR  under  1 inding  mat  surfaces.  Tablt  i shows  the 
st lengthening  layer  requirements  as  calculated  by  this 
equation.  Consider  inu  t he  conservative1  nature  of  the  equation 
and  t fie  relatively  weak  strengthening  layer  used  in  the 
test  s,  the  current  procedures  ot  using  a 12- inch  -thick 
sel*  :t  ’ill  lavei  would  appear  to  insure  adequate  oapaeitv 
.‘or  a limited  number  of  aircraft  passes. 

The  ’’'I  in  AFH  and  Tyndall  AFB  field  test  results  support 
the  general  results  in  Table  3.  Thickness  ot  select  fill  i r. 
these  tests  varied  between  k and  .30  inches  over  subgrades  <<: 

0.0  to  13  CBR.  At  thi  Eglin  AFH  test , a 30- inch  thickni  ; 
of  select  till  with  only  a ldquid  asphalt  surface  stabili.  at  ion 
liras  sufficient  to  prevent  rutting  or  settling  of  a peat 
subgrade  (moisture  content  of  242  percent  , CHR  of  0.0)  undet 
limited  traffic.  AM-2  performed  adequately  with  an  18-inch 
uncompacted  base  course  over  a 1.7  CBR  subgrade.  At  th<. 

Tyndall  tests,  the  thickness  of  select  fill  varied  from  12 
to  18  inches  over  subgrades  with  CBRs  of  5 to  13. 

A 12-inch  thick  base  course  of  select  fill  under  AM-2 
will  be  sufficient  to  insure  emergency  operating  conditions 
(40  coverages  as  defined  in  AFM  80-3)  for  noncohes ive  RPR 
backfill  soils.  Whore  CL  and  Ml.  backfill  soils  are  encountered, 
this  thickness  is  adequate,  but  if  combined  with  adverse 
moisture  conditions  (saturation  by  rainfall  or  high  water 
table;),  it  should  be  increased  to  24  inches.  Organic  soil 
and  CU  or  ’ll!  soi  I baekfi  11s  should  always  use  24-inch  thick 
base  courses.  These  thicker  base  courses  on  plastic  soils 
(CL.,  Ml.,  t'U,  Mil)  and  organic  soils  allow  an  i nit  ial  layer  ot 
select  fill  to  be  placed  on  the  low  bearing  backfill  to 
insure  adequate  support  for  the  dozer  while  it  operates 
inside  the  repair  to  i emove  upheaved  pavement  on  the  cratei 
perimeter  ( ri  ferenci  s 1 and  4 describe  the  procedure  of 
uphi  jved  eavement  removal). 


Table  3.  REQUIRED  STRENGTHENING  LAYER  THICKNESS 


Aircraft  - F-4 , F 27,000  lb  , A = 102  in'  , tire  pressure 
265  psi,  TR  = 18 


10  Coveraqesc 


40  Coverages 


200  Coverages 


For  channelized  F-4  traffic,  one  coverage  is  equal  to 
7.36  cycles,  where  one  cycle  is  a takeoff  and  a landina 
(reference  12 ) . 

^Minimum  recommended  thickness  is  6 inches  (reference  11) 


SUCTION  V 


concur  i >*i 


The  pref «.  rred  material  ’or  use  in  the  select  fill  base 
course  under  AM- 2 ma * is  u dense  graded,  cohes i on  less  crushed 
regat<  w i 1 Lei  t n I percent  pi  ing  th<  I ( sieve. 
The  f i»<  s mu:  t be  11014  lust  ic.  Any  or  a number  of  standard 
base  course  peer  f icat  ions  should  prove  adequat*  , and  the 
AI’M  hf>-3  01  Tyndall  eradations  given  in  Tab  It  - are  accep- 
t at  le  1!  they  con  torn:  to  tin  above  two  limitations  on  fines. 
Sard  or  natural  1\  .'rairrimi  well-graded  qiavt  l are  acceptable 
ll  tentative  svl-ct  it  11  material  wliere  crushed  aimnsato  is 
no;  available  . All  of  these  materials  rv-quiri  some  eompac- 
t ion  effoit  t msui  e pre  per  performance. 

The  required  thieknt ss  c l the  select  till  base  course 
tv'  insure  emergency  > 4 > ratine;  conditions  should  be  adjusted 
as  follows: 
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fill  for  use 


wi  th 
and  the  abov 
desirable  to 
ra;  ac i t y oe 
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guidelines  are  only  approximate.  It  would  be' 
conduct  testing  to  determine  the  ult  unate 
AM- 2 repairs  with  graded  aggregate  and  sand 
with  varying  amounts  of  compaction.  Also,  other 


t y p • ■ : ol  select  fill  such  as  naturally  occurring  gravels  e*r 

l >t  •;<  uai  1 01m  lggrcgate  ( 2 to  J inch  size)  need  to  be  tested 
to  d term  me  Us  it  acceptab i 1 ity  us  select  fill.  These 
.•  . rials  o!  : -i  .erne  potent  ial  advantages  in  widespread 
aval  lab  LI  i ty  or  rema  i n unaffected  by  adverse  moisture  condi- 
tion . Thosi  project  • arc  iot  of  the  pressing  priority  of 
some  other  HDR  1 jv  t ; but  should  1 
t 1 me  I i vomi  iv a 1 ' ubl  1 . 


pursued  .is  funds  and 
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